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Abstract: Due to small size, light weight, high efficiency and long operation life, high power semi-
conductor laser array chips have gradually entered into mass-markets and emerged applications, such
as laser pumping, materials processing, medical therapy and lidar. However, limited by high-tem-
perature working environments such as material processing, the development of high power semicon-
ductor laser is hindered. Since laser diode arrays work in high-temperature working environments
and generate great quantity during operating, the output power and reliability of high power semicon-
ductor laser is decreased, which is caused by reducing in slope efficiency, increasing in threshold

current, and wavelength redshift. Hence, it is vital to research the optoelectronic performance and
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laser diode array optimization of semiconductor laser under high temperature. To improve the high
temperature performance of high-power semiconductor laser chips, firstly, the influence mechanism
of environment temperature on internal quantum efficiency is analyzed theoretically. Secondly, in or-
der to quantify the main factors affecting the stability of the chip, the high-power semiconductor laser
array chips test system was built to study the characteristics of the laser diode array chips at 15 —60
°C, and analyze energy loss distribution at various temperatures. The experimental results show that
when the temperature rises from 15 “C to 60 °C, the percentage of carrier leakage loss increases
sharply from 2.30% to 11.36% , which is the main factor affecting the high temperature operation
of semiconductor laser array chips. Finally, the chip structure simulation shows that increasing the
Al composition of the waveguide layer to 20% can effectively limit carrier leakage, balance the in-
crease in series resistance caused by the increase of Al composition, and obtain high electro-optical

conversion efficiency. This research can provide a reference for the design of high-temperature laser
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diode array chips.

Key words: high power; laser diode array chips; high temperature characteristic; energy loss distribution

1 3l 3

B FAEBOCA B TABUN EER O
RORE  F7 R SR, TEROE S R
TP BOE YD Ok E RN Al 8] O 8
f& > A E 43 2, Her 790 ~ 1100 nm
P B Dy RO % R LB, — R
FH InGaAs/AlGaAs/GaAs ¥ Bl & & 8 InGaAs/
GaAsP /& &, InGaAs/GaAsP #1 Bl & JH 55 iF B2
GaAsP VEFA &2 2] A7 R4 BR ] 2800t 7~ T I , i/ P
A RS I 32 B DG 2 B RES B TH 2 )2
GaAsP AMIEE K T 2594 5 5 5 | AR FG 38 R
TR, R TSR RCR R S In-
GaAs/AlGaAs/GaAs BABHAZ H BT CL 2T e T 42
HRARWEIE, il 38 B B A B
JEAR I S R TR e G SR 2, T
PERHE R BE AL e A3 | s A
SRR ARSI N, AR S, WO
5 2 AT X 4 2 ) PR 5 1 AN A IR e R
Wi 2P SRR O a i MR RE L B TR T
i F 2 5 7 A2 LT (Thermal rollover ) | JfS T
Y2 K AL 5145 ( Catastrophic optical mirror damage
COMD) SR SR G F p T REIR A 2 2
R P, WFFE R AR SR OGRS E =R T
B RPN AZ AR, A5 ) 2 o Tl R R D' A 8 5K
AL, LR B i a8 F Y F O HA8R |
U/ N A A T [ P A M S B R Sl —

2006 4F, Kanazawa 25" HF58 T 1.2 pum iR
TAEW) InGaAs/GaAs & T BG4 A0 158 B A
AL InGaAs/GaAs FHIE I SOt A H)Z
i B B R AR B InGaAs BY 3 N E TR, In
07 b 32% FEE LIRS A0 T, B TAEIRIE 35
F]200 C AL iR BERHE T, #£30 ~80 °C T4 222
K, S 10 A% f - B S A I B R 1 5 2009 4F
Crump A2 T 980 nm 2 ARG RS A A
JIKSE (500 ns, 1 kHz) 5508 F , &5 1F7E 15 ~ 125
Cu N ARPRECRIEAE 15% , Hasid i 24 A
R ST B SR AIE SE T 2R T 19 T U 2020 4R,
Hiilsewede %5 Jp 4 w2k SRHOLRE TARIREE
Pl B AR EBOHAS H AS | AR A0S i3t B i &5
B, ST R AE AT 35 °C 400 R, 5 Ho ki
MIPRAGTE 200 W DL 25 ASH L 70 €, A
B T2 SO 28 0 TR R PR A T oK
WFFE . 2012 4F | KB T A 2E 8 U SR O
EXRESELEENS T 1. 06 pm InGaAs/In-
GaAsP T Bk 2= 5 (4 SO0 75 510 B4 B e 1) 1R 3 Ay
P 38 1 PR B [R) I BE A5 1 R A fefdE T AR
A, FFHE B A N AR R A B (B L 5 2016 4R,
XSS RIS T B IO A his 4 A O
R AE —40 ~60 CEE PR T AR, KRR
RGN S AR T e At /N L
R ;2017 45, PO LGNS T 3TN 70
30% 11 808 nm - FABO LRSI TERDTIREE R 15
C i 5 i B OCIE BRCRIR 3 719 1,



676 K St

¥R Fa2 B

it — T DA AL H M (4 e iR
R TAEBLER A SO ST SN e 7 &R 5, o0 #r
15 ~60 CFEFARBOEE A F 4 rEa Pk EE, d
TR R B 20 A > = OB 7 i R 2 1
M5 FRE AR OTTE Ml T R E SAREOE
SR PERER) BB R 4 SR a R T TR
PRIEOC AR A5 7 2, 100 20001 i Jhs 1]t
% T AMESSH LA BT L

2 HEHH
B ER BER H R
Puul =77d%(1_1m), (1>

Hodr n, FAIME T FRCE, b o W TR, v
KA T TAER, 1, 8 B E L, RER
B, REAEE SR EOC R RE S
Wz — Fmh
a, In(R,R,) ™
i o + o, = 2a.L + In(RR,) -
(2)

Hrp g, BRNETHE, o, WNBFE, o, N
HFE, L IR R, (R, 4300 e T I 6 T S
S AR () AN R E K I S
R FIRBOCES  RPRAICR 5 N & TR0 1, 1
IEH, 5 NRFE o BUR H, B RGN & T
R R A,

N = MMM, (3)
Horpr o, 7R 500 1) PR R U AE IR R A9 T AR
R ORFEARNG R X RS EA R Z T
ToiI T FHBEOCER, 0 I 15n, RARTEA
F i TFRFX AR A S AR TR X R
TR LU AR 5, 7R T A SR B A F i o
HHEBEGRE(AIFERPESMARENE
) B, BEREE B T o, BEAR R E .
T o PR TR EE R AR E ) H Ik, g,
SER P T RCRN E N R AT RR N

I, +1.
L T A

n(l =7

stim

_ (4)

o1, AR R AR, MARRS E AR,
1, AR, B AR PR R EE, E 2
H515 ~60 CF InGaAs/GaAs & 7B [ 1 HL T4
JE5 15 C Al FWHRE N LEL R, 7T LG
HL7E 15 ~60 C i FBF A M N R T

20% , Ui HL I K /N5 R B SO T e U
DRk, T L 7 o L 8 T v O, P AR
2RI/ 7 S R P SR O A A AR E
AR R RS E MR RN R, NS
FRETRAA AT T 5 FRAEREHURE 20 S L BEIELRE (1Y
ZACEH

2.0
1,
1_5+
T 100
z I I,
éﬁ :
= 05 .
M N-waveguide P-waveguide
O—I_L\—
-0.5 | I | |
3.7 3.8 39 4.0 4.1 42

Position/ pm
(RS S R ST Ol TR =N

Fig. 1 Schematic diagram of leakage current of LD
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Normalized distribution of the free electron concentra-

tion of the quantum well at different temperatures
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